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Abstract 
The study of matrices have been of interest to mathematicians for some time. Recently the use of 
matrices has assumed greater importance also in thefields of management, social science, and natural 
science because they are very useful in the organization and presentation of data and in the solution of 
linear equations. The theory of matrices is yet another type of mathematical model which we can use 
to solve many problems that arise in these fields. The aim of this paper is to show how we can use 
matrices and their mathematical model to solve some problems in the process of routing. First we will 
introduce the term of routing and the new approach in the process of selecting paths. We will show 
some simple examples. We will also pint out how we can learn about matrices in the classroom. At the 
end we will discuss about advantages and potential dis dvantages that may occur in the described 
technique.  
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1. INTRODUCTION 
It is difficult to go through life without seeing matrices. For example, the company in Slovenia 
manufactures sofas and armchairs in three colors: white, black, and red. The company has regional 
warehouses in Ljubljana, Maribor, and Koper. In August shipment, the company sends 12 white sofas, 
14 black sofas, and 4 red sofas, 20 white chairs, 24 black chairs, and 16 red chairs to each warehouse. 
 
 white black red 
sofas 12 14 4 
chairs 20 24 16 
Table 1 
If we were to enter this data into the computer, we might enter it as a rectangular array without labels. 









This matrix is a 2 3×  matrix since it has two rows and three columns. In ge eral, a matrix is said to 
have size m n×  if it has m  rows and n  columns. 
In everyday life we often confront with a problem of selecting routefor a multi-city or multi-country 
trip. Here matrices can help us. Namely, with matrices and their mathematical model we can easily 
answer some questions that arise in this problem. 
Suppose that we have n cities and the diagram which shows the roads connecting these cities. Then 
we can represent this information with a n n×  matrix A . In this matrix the entries give the number of 
























M M O M
. 
The first row of a matrix A  gives the number of roads connecting city 1 with each of n  cities without 
passing another city. For example, 12a  represents the number of roads connecting city 1 and city 2 
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without passing city 3, or city 4, or …, or city n . Similarly, the second row represents the number of 
roads connecting city 2 with each of n  cities without passing another city. For example, 24a gives the 
number of roads connecting city 2 and city 4 without passing city 1, or city 3, or …, or city n . And 
the last row represents the number of roads connecti g the last city with each of n  cities without 
passing another city. Of course, ij jia a=  for all 1 ,i j n≤ ≤ . In other words, the matrix A  is a 
symmetric matrix. Note also that a matrix A is always a square matrix, which means that the number 
of its rows is equal to the number of its columns ad this is equal to the number of cities. 
2. EXAMPLES 






Suppose that the graph in Figure 1 shows the roads between four cities in Slovenia. As we already 
showed we can represent this information with a matrix A , which is written below. From the diagram 
we can easily see that there are exactly two ways to travel from city 1 to city 2 without passing 
through either city 3 or city 4. This information is entered in the first row and second column 
( 12 2a = ) and also in the second row and first column (21 2a = ) of a matrixA . Similarly, we can go 
from city 1 to city 3 in exactly two ways without passing through either city 2 or city 4. This 
information is entered in row 1, column 3 (13 2a = ) and again in row 3, column 1 (31 2a = ) of a 
matrixA . Note also that there are no roads connecting eachcity to itself. Because of that we have 
zeros on the diagonal of a matrix A ( 0iia = , 1,2,3,4i = ): 
0 2 2 1
2 0 2 0
2 2 0 1









In the described problem of selecting route we often ask ourselves how many roads are there to go 
from one city to another by passing exactly one another city. For example, how many ways are there 
to travel from city 1 to city 2 by passing through exactly one other city? Of course, we must go 
through city 3 or through city 4. From the graph in Figure 1 we see that we can travel from city 1 to 
city 3 in two ways, 13 31 2a a= = , and from city 3 to city 2 also in two ways, 32 23 2a a= = . It follows 
that we can go from city 1 to city 2 through city 3 in exactly 2 2 4⋅ =  ways. Because there is no direct 
road between city 4 and city 2, 42 24 0a a= = , we can not travel from city 1 to city 2 through city 4. It 
follows that we can travel in exactly 4 ways from city 1 to city 2 by passing one other city. It turns out 
that we can easily get this information also from a trix A . If we multiply a matrix A  by itself we 
get a matrix 2A :  
 
2
9 4 5 2
4 8 4 4
5 4 9 2











The matrix 2A  gives the number of ways to travel between any two cities by passing exactly one other 
city. The entry in the first row and second column of the above matrix is exactly 4 as we calculate 
from the Figure 1 (this entry represents the number of ways to travel between city 1 and city 2 by 
passing through city 3 or city 4). This number is found as follows ( 2A A A= ⋅ ): 
11 12 12 22 13 32 14 424 0 2 2 0 2 2 1 0a a a a a a a a= + + + = ⋅ + ⋅ + ⋅ + ⋅ . 
The first product in the above identity is 11 12 0 2a a⋅ = ⋅ . This product tells us how many ways are 
there to go from city 1 to city 1 (0 ways) and then from city 1 to city 2 (2 ways). The 0 result indicates 
that such a trip does not involve a third city (city 3  or city 4 ). The only nonzero product 
( 13 32 2 2a a⋅ = ⋅ ) represents  two routes from city 1 to city 3 and two routes from city 3 to city 2 (there 
are 4 roads connecting city 1 and city 2 which go thr ugh city 3). 
 
Further, if we multiply a matrix A  with 2A , we get a matrix 3A : 
 
3
20 28 28 14
28 16 28 8
28 28 20 14










In a similar way as above we can show that the matrix 3A  represents the number of ways to travel 
between any two cities with exactly two intermediate cities. Moreover, the sum 2A A+  gives the 
number of roads connecting two cities with at most one intermediate city: 
 
2
9 6 7 3
6 8 6 4
7 6 9 3










Furthermore, the sum3 2A A A+ +  represents the number of ways to travel between two cities with at 
most two intermediate cities. So, with a matrix A  we can easily answer some combinatorial and also 
logistic questions in the problem of selecting route.  
 
In our example the Figure 1 involves just four cities but in practice we can have many more cities, for 
example 100 or even more than 100 cities. In that cases the matrix A is of course much larger (the 
matrix A  can be of dimension more than100 100× ). Moreover, the Figure 1 can have many other 
interpretations. For example, the lines could represent aircraft lines or communication lines such as 
telephone lines and internet lines, the lines could represent lines of mutual influence between people r 
influence between  nations, animals and similar.  
 
Let us show one example more.  
Suppose that a company, which manufactures sofas, has regional warehouses in London (city 1), Paris 
(city 2 ), and Barcelona (city 3). The company has its own small telephone system which connects all 















 =  
  
. 
Of course, now the matrix A  is of dimension 3 3×  since we have just three cities. As before, this 
matrix can help us to easily answer some questions l ke how many lines are there which connect 
London and Barcelona and go through Paris or how many lines are there which connect Paris and 
Barcelona and similar. All these can be appropriate for student exercises, self-study questions, 
homework. We can also use these questions in the classroom before final tests. 
3. CONCLUSION 
Mathematics is about ideas and not just formulas, algorithms, theorems, and proofs. Knowing why is 
sometimes just as important as knowing how. Pupils in the classroom have to see not only why a given 
fact is true but also why it is important. For many, the mathematics has always been a body of facts to 
blindly accepted and used. And the notion that theypersonally decide mathematical truth or falsehood 
comes as a revelation. Promoting this level of understanding is the goal of this paper. 
The theory of matrices is the branch of mathematics involving the properties of systems of 
simultaneous linear equations. Moreover, in the last hundred years the use of matrices has assumed 
greater importance also in other fields like management, economics, logistics, social science, and 
natural science because they are very useful in the organization and presentation of data and in the 
solution of linear equations. In this paper we have represented how we can use matrices and their 
mathematical model to solve some problems in the process of routing.  
As we have shown with examples, matrices can help us to answer some combinatorial questions in the 
process of routing. For example, we can easily answer questions like: how many ways are there to 
travel between two cities by passing exactly one other city or how many telephone lines are there 
between two cities. So, the theory of matrices is now another type of mathematical model which we 
can use to answer some important questions and solve many problems that arise in the fields of 
management, social science, and natural science. 
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